That which is claimed is: 

1 . An edge termination structure for a silicon carbide semiconductor 
device, comprising: p-* 

a plurality of spaced apart concentric floating guard rings in a silicon carbide 
5 layer that at least partially surround a silicon carbide-based semiconductor junction; 

an insulating layer on the floating guard rings; and 

a silicon carbide surface charge compensation region between the floating 
guard rings and adjacent the insulating layer. 

10 2. The edge termination structure of Claim 1, wherein the floating guard 

rings extend a first distance into the silicon carbide layer and the surface charge 
compensation region extends a second distance into the silicon carbide layer, the 
second distance being less than the first distance. 

15 3. The edge termination structure of Claim 1, wherein the surface charge 

compensation region is lighter doped than the guard rings. 

4. The edge termination structure of Claim 1, wherein the surface charge 
compensation region extends completely between adjacent ones of the floating guard 

20 rings. 

5. The edge termination structure of Claim 1, wherein the surface charge 
compensation region extends between adjacent ones of the floating guard rings but 
does not extend completely between two adjacent floating guard rings. 

25 

6. The edge termination structure of Claim 1, wherein the surface charge 
compensation region comprises implanted regions in the silicon carbide layer. 

7. The edge termination structure of Claim 1, wherein the surface charge 
30 compensation region comprises a plurality of surface charge compensation regions. 

8. The edge termination structure of Claim 1, wherein the surface charge 
compensation region comprises a single region that overlaps the floating guard rings. 

17 



9. The edge termination structure of Claim 1, wherein the surface charge 
compensation region comprises a second silicon carbide layer on the silicon carbide 
layer. 

10. The edge termination structure of Claim 1, wherein the surface charge 
compensation region has a dopant concentration such that the surface of the surface 
charge compensation region adjacent the oxide layer is partially depleted by surface 
charges of the oxide layer and fully depleted when a reverse bias is applied to the 
device. 

1 1 . The edge termination structure of Claim 1, wherein the surface charge 
compensation region has a dose charge of from about lxlO 12 to about 7xl0 12 cm' 2 . 

12. The edge termination structure of Claim 1, wherein the surface charge 
compensation region extends a distance of from about 0.1 jxm to about 2.0 |im into the 
silicon carbide layer. 

13. The edge termination structure of Claim 1, wherein the surface charge 
compensation region does not extend completely between two adjacent floating guard 
rings and to provide a gap of from about 0.1 |im to about 2.0 \xm between the surface 
charge compensation region and one of the two adjacent floating guard rings. 

14. The edge termination structure of Claim 1, wherein the floating guard 
rings are uniformly spaced, non-uniformly spaced and/or combinations of uniformly 
and non-uniformly spaced. 

15. The edge termination structure of Claim 1, wherein the guard rings 
extend from about 0.1 fim to about 2.0 [im into the silicon carbide layer. 

1 6. The edge termination structure of Claim 1, wherein the guard rings 
have a spacing of from about 0.1 [xm to about 10 fim. 

17. The edge termination structure of Claim 1, wherein the plurality of 
floating guard rings comprises from about 2 to about 100 guard rings. 
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1 8. The edge termination structure of Claim 1, wherein the guard rings 
extend a distance of from about 2 (am to about 1 mm from the semiconductor junction 
of the device. 

19. The edge termination structure of Claim 1, wherein the floating guard 
rings have a dopant concentration of from about 1x1 0 18 cm" 3 to about IxlO 20 cm' 3 . 

20. The edge termination structure of Claim 1, wherein the silicon carbide 
layer is an n-type silicon carbide layer and the guard rings and surface charge 
compensation region are p-type silicon carbide. 

21. The edge termination structure of Claim 1, wherein the silicon carbide 
layer is a p-type silicon carbide layer and the guard rings and surface charge 
compensation region are n-type silicon carbide. 

22. A method of fabricating an edge termination structure for a silicon 
carbide semiconductor device, comprising: y 

forming a plurality of spaced apart concentric floating guard rings in a silicon 
carbide layer that surround at least a portion of a silicon carbide-based semiconductor 
junction; 

forming an insulating layer on the floating guard rings; and 
forming a silicon carbide surface charge compensation region between the 
floating guard rings and adjacent the insulating layer. 

23. The method of Claim 22, wherein forming a plurality of floating guard 
rings comprises forming a plurality of floating guard rings that extend a first distance 
into the silicon carbide layer and wherein forming a silicon carbide surface charge 
compensation region comprises forming a surface charge compensation region that 
extends a second distance into the silicon carbide layer, the second distance being less 
than the first distance. 

24. The method of Claim 22, wherein the surface charge compensation 
region is lighter doped than the guard rings. 
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25. The method of Claim 22, wherein the surface charge compensation 
region extends completely between adjacent ones of the floating guard rings. 

5 26. The method of Claim 22, wherein the surface charge compensation 

region extends between adjacent ones of the floating guard rings but does not extend 
completely between two adjacent floating guard rings. 

27. The method of Claim 22, wherein forming a silicon carbide surface 

10 charge compensation region comprises implanting regions in the silicon carbide layer. 

28. The method of Claim 22, wherein the surface charge compensation 
region comprises a plurality of surface charge compensation regions. 

15 29. The method of Claim 22, wherein the surface charge compensation 

region comprises a single region that overlaps the floating guard rings. 

30. The method of Claim 22, wherein forming a silicon carbide surface 
charge compensation region comprises forming a silicon carbide epitaxial layer on the 

20 silicon carbide layer. 

3 1 . The method of Claim 22, wherein the surface charge compensation 
region has a dopant concentration such that the surface of the surface charge 
compensation region adjacent the oxide layer is partially depleted by surface charges 

25 of the oxide layer and fully depleted when a reverse bias is applied to the device. 

32. The method of Claim 22, wherein the surface charge compensation 
region has a dose charge of from about lxlO 12 to about 7xl0 12 cm' 2 . 

30 33. The method of Claim 22, wherein the surface charge compensation 

region extends a distance of from about 0. 1 |im to about 2.0 |im into the silicon 
carbide layer. 
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34. The method of Claim 22, wherein the surface charge compensation 
region does not extend completely between two adjacent floating guard rings and to 
provide a gap of from about 0.1 fim to about 2.0 ^im between the surface charge 
compensation region and one of the two adjacent floating guard rings. 

35. The method of Claim 22, wherein the floating guard rings are 
uniformly spaced, non-uniforrnly spaced and/or combinations of uniformly and non- 
uniformly spaced. 

36. The method of Claim 22, wherein the guard rings extend from about 
0.1 |im to about 2.0 \xm into the silicon carbide layer. 

37. The method of Claim 22, wherein the guard rings have a spacing of 
from about 0.1 \im to about 10 (am. 

38. The method of Claim 22, wherein the plurality of floating guard rings 
comprises from about 2 to about 100 guard rings. 

39. The method of Claim 22, wherein the guard rings extend a distance of 
from about 2 |im to about 1 mm from the semiconductor junction of the device. 

40. The method of Claim 22, wherein the floating guard rings have a 
dopant concentration of from about lxl 0 18 cm" 3 to about lxl 0 20 cm" 3 . 

41 . The method of Claim 22, wherein the silicon carbide layer is an n-type 
silicon carbide layer and the guard rings and surface charge compensation region are 
p-type silicon carbide. 

42. An edge termination structure for a silicon carbide semiconductor 
device, comprising: / 




a plurality of spaced apart concentric floating guard rings in a silicon carbide 
layer that surround at least a portion of a silicon carbide-based semiconductor 
junction; 

an insulating layer on the floating guard rings; and 
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means for neutralizing effects of charges at an interface between the insulating 
layer and the silicon carbide layer in the region of the floating guard rings. 

43. The edge termination structure of Claim 42, wherein the means for 
neutralizing comprises means for connecting adjacent guard rings when a maximum 
blocking voltage is not applied to the device and isolating adjacent guard rings when 
the maximum blocking voltage is applied to the device. 

44. The edge termination structure of Claim 42, wherein the means for 
neutralizing comprises surface charge compensation regions between adjacent ones of 
the guard rings. 

45. The edge termination structure of Claim 44, wherein an amount of 
charge in the surface charge compensation regions is small enough so that the surface 
charge compensation regions are depleted at a voltage lower than a blocking voltage 
of the device. 

46. The edge termination structure of Claim 42, wherein the means for 
neutralizing comprises a surface charge compensation layer between adjacent ones of 
the guard rings. 

47. The edge termination structure of Claim 46, wherein an amount of 
charge in the surface charge compensation layer is small enough so that the surface 
charge compensation layer is depleted at a voltage lower than a blocking voltage of 
the device. 
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